Neurodegenerative disorders such as Alzheimer's disease (AD), Lewy body disease and frontotemporal dementia (FTD) are becoming more prevalent as the population ages, resulting in significant caregiving and financial burdens. For example, in the United States AD is the most common neurodegenerative illness, with an estimated 5.2 million Americans currently diagnosed. It is projected that by the year 2030 7.7 million people will be affected and by 2050 11-16 million people will be affected if there are no changes in treatment options. The direct financial costs to Medicare and Medicaid for care for people with AD and the indirect costs to businesses for employees who are caregivers are estimated to be over USD 148 billion per year. This estimate does not include the costs paid for by the Department of Veteran's Affairs, private health insurance, long-term care insur-
ance or out-of-pocket expenses for patients and their families [1] . Mild cognitive impairment (MCI) [2] is also a growing concern among clinicians since persons with MCI are at increased risk for progression to dementia (6-25% per year) compared to the general population (1-2%) [2, 3] .
In conjunction with investigation of therapeutic treatments and disease modifying agents, it is important to increase our ability to detect neurodegenerative disorders early in the disease course. This early detection and diagnosis is imperative to the preservation of cognitive and physical functioning through therapeutic interventions, which will, in turn, minimize financial costs and emotional burden to individuals, family members and society at large. Thus, in addition to continued research into developing effective treatment options, an important parallel line of research is early detection of change so any new effective treatment can be implemented at a time to maintain maximal functional status.
Neurodegenerative disorders are generally characterized by subjective cognitive complaints, objective evidence of impairment on neuropsychological tests, changes in personality and/or mood, and difficulty in performance of activities of daily living [4] . In order to properly assess and diagnose underlying neurodegenerative diseases, one important component of the evaluation is gathering detailed and accurate information from both the patient and an informant about the patient's symptoms in multiple domains. In addition to subjective reports of patient symptomology, patients undergo a thorough medical evaluation, which typically involves a review of the patient's medical history, physical and neurological exam, neuropsychological evaluation, neuroimaging and blood work. However, the patient's or caregiver's report is often the impetus for a diagnostic work-up, which stresses the importance of gathering selfreport data across several symptom domains in a standard fashion.
Currently, there is a need for the development of a reliable and valid questionnaire specifically for older adults with suspected neurodegenerative diseases that can be used in clinical settings. Self [5] and in formant [6, 7] reports have been found to correlate with performance on cognitive tests, daily functioning and neurophysiologic changes. Furthermore, discrepancy between self and informant ratings may also be of diagnostic utility since patients with cognitive impairments tend to overestimate their abilities compared to ratings provided by informants [8] . Despite the potential usefulness, many of the questionnaires currently available do not have self and informant formats, thereby limiting comparability of results and potential diagnostic utility.
Second, many questionnaires are restricted in their scope in that they are single-dimensional (e.g. cognitive symptoms) as opposed to multidimensional (e.g. cognitive symptoms, motor symptoms, psychiatric symptoms), which is imperative in differential diagnosis of neurodegenerative disorders [9] . For example, the Neuropsychiatric Inventory [10] , Activities of Daily Living (ADL) scales [11] and the Memory Functioning Questionnaire [12] assess single symptomatic domains of dementia including behavioral, physical and cognitive changes, respectively. Global assessment tools such as the Clinical Dementia Rating (CDR) scale [13] and the Global Deterioration Scale [14] are multi-dimensional, but are primarily used as staging instruments that emphasize cognitive and physical functioning.
Third, many of the existing questionnaires provide summary scores, or the sum of various functional domains. The summary score provides a general description of the patient's functioning, but does not give detailed information regarding the specific domains that may be affected and as a result may mask functional change [9] . Fourth, many questionnaires used coarse ratings scales such as 'independent', 'needs assistance' or 'dependent', which are not sensitive to subtle changes in functioning. Fifth, many current questionnaires were not developed for use within clinical settings and were developed and validated using diverse populations (e.g. psychiatric patients, younger adults, persons with specific health conditions such as arthritis, diabetes, or heart disease) and settings (e.g. community, assisted living facilities or nursing homes), which limits the sensitivity and specificity of the instrument when used within a clinical setting [15] . Lastly, many questionnaires are gender-biased and may focus on Instrumental Activities of Daily Living (IADL) items such as shopping, doing laundry, housekeeping chores or cooking, thus masking potential deficits in other complex gender-appropriate domains such as household maintenance and financial management [16] .
Therefore, the goal of this study is to provide initial validation information on a novel questionnaire, the Multidimensional Assessment of Neurodegenerative Symptoms (MANS), which was designed to address the major limitations of extant measures. Specifically, the MANS is a multidimensional (i.e. ADL, cognitive, behavior and motor functioning) informant-and patient-based questionnaire, developed in a population of older adults with various levels of cognitive abilities, that assesses sub-Hoffman Snyder /Miller /Caselli Dement Geriatr Cogn Disord 2009;27:260-272 262 tle changes over time in a gender-neutral manner, that provides global and domain-specific information and which may aid clinicians in making a differential neurodegenerative diagnosis.
Methods

Participants
Participants for this project were recruited from the Arizona APOE Cohort or the Arizona Alzheimer's Disease Center (ADC) Clinical Core, both of which are described in more detail below. Although there was some overlap in ages, most members of the Arizona APOE Cohort were under 70 years of age, with persons as young at 21 enrolled in the project. In order to restrict the age range to those persons at risk of dementia, we selected for this analysis consecutive participants from the APOE cohort who were age 60 and older. Alternatively, most members of the Arizona ADC Clinical Core were 70 years of age and older, with a range from 50-85. Inclusion and exclusion criteria were otherwise identical for these 2 cohorts. All individuals gave their written informed consent, and the study was approved by the institutional review board at Mayo Clinic Arizona.
A total of 125 participant and informant dyads completed the MANS as part of the APOE cohort (n = 47) or the ADC Clinical Core (n = 78). 78% of the informants were the spouse or live-in partner of the participant. The remaining informants were adult children of the participant (13.5%), long-time friends of the participant (6%) or siblings of the participant (2.5%). These informants generally knew the participants quite well, as 96.6% of the informants had known the participant for at least 10 years or more. The remaining informants knew the participants for 7-9 years (1.4%), 4-6 years (1%) and 1-3 years (1%).
The mean age of the participant sample was 70.5 years (SD = 7.4) with a range of 50-85. The sample was nearly evenly split along gender distribution with 54% of the participants being female. Broadly defined, 65 (52%) of the participants were cognitively unimpaired and 60 (48%) of the individuals had impaired cognition. Within the impaired group, diagnoses included possible and probable AD (n = 18), MCI (n = 16), FTD (n = 10), probable Lewy body dementia (n = 3), posterior cortical atrophy (n = 3), corticobasal degeneration (n = 2), progressive nonfluent aphasia (n = 2), progressive supranuclear palsy (n = 2), mixed etiology (n = 2), Parkinson's disease with dementia (n = 1) and dementia not otherwise specified (n = 1).
Arizona APOE Cohort
Beginning in 1994, those recruited to the Arizona APOE Cohort [17, 18] were recruited through local newspaper advertisements that requested cognitively normal individuals who had a first degree relative with dementia. All potential participants received APOE genotyping. From the APOE test results, all of the APOE e4 homozygotes were evaluated along with 1 APOE e4 heterozygote and 2 APOE e4 noncarriers who were individually matched to each homozygote for their age (within 3 years), gender and educational level (within 2 years). Each prospective APOE Cohort recruit was then invited to return for the following screening tests: medical history, neurologic examination, Folstein MiniMental Status Exam (MMSE [19] ), Hamilton Depression Rating Scale (Ham-D [20, 21] ), Structured Psychiatric Interview for DSM-III-R [22] , Functional Assessment Questionnaire (FAQ, [23] ) and IADL [11] .
Participants with potentially confounding medical, neurological or psychiatric problems (such as prior stroke, traumatic brain injury, memory or other form of cognitive impairment, parkinsonism, major depression or substance abuse) were excluded. None of the participants in the APOE cohort met the published criteria for age-associated memory impairment [24] , MCI [2, 3] , AD [25] or any other form of dementia [22] or major depressive disorder [22] at the time of enrollment.
Those fulfilling these requirements were administered an extensive neuropsychological battery that was repeated every 2 years. Diagnostic status at entry and follow-up was determined by a behavioral neurologist and a psychiatrist as part of a longstanding collaborative study [18] . Beginning in 2007, all participants in the APOE cohort were also administered the CDR [13] . From that point forward, consecutive participants over the age of 60 were included in this analysis (n = 47). One participant from the APOE cohort converted to probable AD at the evaluation included in this analysis, and is categorized as such, rather than as a normal control, in all subsequent analyses. The remaining 46 subjects were cognitively normal. As part of that extensive longitudinal follow-up, subjects and informants completed the self-report and informant-report MANS.
Arizona Alzheimer's Disease Center Clinical Core
Beginning in 2000, the ADC Clinical Core began recruiting and enrolling subjects through 5 participating institutions: Barrow Neurological Institute, Mayo Clinic Arizona, Sun Health Research Institute, the University of Arizona Health Sciences Center and the Tucson Veterans Administration Hospital. Data for the current study were obtained only from participants followed at the Mayo Clinic Arizona as this is the only ADC site that asks participants to complete the self-report and informant-report MANS at each visit (n = 78). Diagnostic status was determined initially by the neurologist enrolling the participant, but reviewed and agreed upon by consensus at a Diagnostic Clinical Core Conference comprised of member neurologists and neuropsychologists from each participating institution. Of the 78 ADC participants from Mayo, 19 were cognitively normal. The remaining participants had a variety of cognitive disorder diagnoses including possible and probable AD (n = 17), MCI (n = 16), FTD (n = 10), probable Lewy body disease (n = 3), posterior cortical atrophy (n = 3), cortical-basal degeneration (n = 2), progressive nonfluent aphasia (n = 2), progressive supranuclear palsy (n = 2), mixed etiology (n = 2), Parkinson's disease with dementia (n = 1) and dementia not otherwise specified (n = 1).
Measures
As described in the introduction, we aimed to develop a questionnaire that captures self-report and informant-report of a variety of symptoms related to various neurodegenerative syndromes. The origin of this questionnaire stems from a telephone screening measure for FTD developed by an FTD working group of California State Alzheimer's Centers members. With their permission, our group reduced the number of items based on expert opinion of the clinical utility of the items, and then included additional items designed to capture symptoms that may be related to neurodegenerative etiologies other than FTD. We also added a semiquantitative scaling for rating the frequency of the symptoms of interest from 0 (never) to 4 (routinely), with intermediate values of 1 (once), 2 (occasionally) and 3 (more than monthly). We also adapted an informant version with identical questions.
The MANS is comprised of 87 questions that assess changes in daily habits, personality and motor functioning. It is written at a 7th grade reading level and requires approximately 5-10 min to complete. The questionnaire is designed such that if a participant or informant reports that there has been no change within the broad domain, he/she can skip the individual items (which are assumed to remain unchanged) and move onto the next section of questions. Thus, each section begins with a yes/no question asking about presence/absence of change in daily habits, personality or movement in the past year. If the responder indicates there has been a change, he/she is asked to rate the frequency of that behavior on the 0-4 scale described above. Because participants are typically evaluated on an annual basis in both clinical and research settings, the MANS instructs participants and informants to rate change and frequency of a behavior over the past year. The range of possible scores ranges from 0-348 with higher scores indicating more frequent and severe symptoms.
As part of the ADC and APOE cohort studies, participants complete or are administered a number of other measures that have some construct overlap with the MANS. The person administering and scoring the additional measures and questionnaires was blinded to participant and informant responses on the MANS at the time of administration or scoring. In the longitudinal battery, there are no other multidimensional self-report measures to provide direct concurrent validity of the MANS compared to a measure of all the same constructs. Thus, we provide support for the validity of the MANS utilizing similar, though not completely overlapping, construct measures that are commonly used in dementia-related research and clinical practice. These validation measures include: measures of mood (Ham-D [21] , Geriatric Depression Scale [26] ), a measure of behavioral symptoms (Neuropsychiatric Inventory [10] ), measures of functional status (FAQ [23] , CDR [13] ), measures of global cognitive functioning (MMSE [19] , Dementia Rating Scale-2, DRS-2 [27] ) and a measure of motor functioning (Unified Parkinson Disease Rating Scale, UPDRS [28] ). Small to moderate positive (Ham-D, Geriatric Depression Scale, Neuropsychiatric Inventory, FAQ, CDR, UPDRS) or negative (MMSE, DRS-2) correlations were considered supportive depending on the theoretical relationship between construct measures. Correlations ! 0.3 were considered small, those between 0.3-0.5 were considered moderate and those 1 0.5 were considered large [29] .
Results
Internal Consistency
Reliability analysis shows excellent internal consistency for both the self-report ( ␣ = 0.98) and informant-report ( ␣ = 0.98) versions of the MANS.
Factor Analysis
As described above, the MANS was conceptually designed with 3 broad categories of symptoms: changes in daily habits, changes in personality, and changes in motor skills. To better understand the psychometric factor structure, exploratory factor analysis using promax rotation was performed for both the self-report MANS and the informant-report MANS. A review of the responses and range of each individual question revealed one -'Have you had a convulsion?' -with no variance (e.g. all responders rated a 0). Therefore, this item was not included in the factor analysis. Based on the location of the 'elbow' of the scree plot, the percent of variance explained, as well as consistency across the 2 versions of the MANS, it was concluded that both versions of the MANS show 1 large factor as well as 3 additional smaller factors. Factor loadings of 0.4 or greater were utilized for individual item loadings. See tables 1 and 2 for individual item loadings for the self-report and informant-report MANS.
For the self-report MANS, the 4 factor structure explained 76.4% of the variance. Factor 1 explained 54.7% of the variance (eigenvalue = 31.1), factor 2 explained an additional 8.7% of the variance (eigenvalue = 4.96), factor 3 explained an additional 6.8% of the variance (eigenvalue = 3.86) and factor 4 explained 6.2% of the variance (eigenvalue = 3.51). A review of the item content suggested that both factors 1 and 2 are a mixture of cognitive and functional symptoms with factors 3 and 4 being primarily behavioral symptoms.
For the informant-report MANS, the 4 factor structure explained 80.3% of the variance. Factor 1 explained 63.1% of the variance (eigenvalue = 39.6), factor 2 explained an additional 6.7% of the variance (eigenvalue = 4.21), factor 3 explained an additional 5.6% of the variance (eigenvalue = 3.53) and factor 4 explained 4.9% of the variance (eigenvalue = 3.05). A review of item content suggested that factor 1 is primarily cognitive symptoms, factor 2 is primarily behavioral symptoms, factor 3 is primarily functional symptoms and factor 4 is primarily language symptoms. Table 3 provides detailed information on the performance of the participants on the MANS self-report version for the sample divided by unimpaired or impaired cognitive status. Table 3 also provides preliminary information on 2 diagnostic subgroups, AD (n = 17) and MCI (n = 15). We caution that these preliminary subgroup scores should not be utilized as normative data, due to the small sample size and preliminary status of our work on the MANS. Table 3 provides information for both the overall MANS as well as the factors identified via factor analysis. p ! 0.05 was considered statistically significant. All unimpaired participants completed the self-report MANS, but there were 3 cognitively impaired participants who did not complete the self-report MANS. Figure 1 shows the distribution of scores on the MANS selfreport version divided into cognitive status groups. There it can be seen that the unimpaired group data have a skewed distribution, as appropriate, while the participants with impaired cognitive status display a more normalized distribution of scores across the spectrum of possible scores. Statistical comparison (Mann Whitney U) of participants with unimpaired cognition and participants with impaired cognition reveals a significant difference between groups on the self-report MANS, as expected (z = -6.45, p ! 0.001). Cohen Values are multiplied by 100 and rounded to nearest integer. Values greater than 40 are in bold. The complete questionnaire with instructions, stem questions and formatting is available from the authors. Values are multiplied by 100 and rounded to nearest integer. Values greater than 40 are in bold. The complete questionnaire with instructions, stem questions and formatting is available from the authors. the self-report version of the MANS, the score distribution is very negatively skewed for the unimpaired subgroup with a large portion of the informants rating the participant as having no change in the past year. Statistical comparison (Mann Whitney U) of informant-report MANS of unimpaired versus impaired participants on the MANS shows a significant difference between groups, as expected (z = -7.87, p ! 0.001). Cohen's d effect size for the difference between groups on the informant-report MANS is -1.86. Comparison of the subgroups of MCI patients and AD patients on the informant-report MANS shows a significant difference, with the MCI groups having lower (and therefore better) scores when compared to the AD group (z = -3.49, p ! 0.0001). Cohen's d effect size for the difference between MCI and AD on the informant report MANS is -1.49.
MANS Characteristics
Comparison (Wilcoxon Signed Ranks Test) between the self-report and informant-report MANS scores shows that across the entire sample there is no significant difference between self-report and informant-report MANS scores (z = -1.28, p = 0.20). Similarly, correlational analysis shows a large correlation between self-report MANS and informant-report MANS (r = 0.64, p ! 0.001). However, when broken into diagnostic groups, those with unimpaired cognition rated themselves as having more symptoms than did their informants (z = -2.22, p = 0.03), but those with impaired cognition rated themselves as having fewer symptoms than did their informants (z = -2.64, p = 0.008). Despite these differences, the relationship between self-report and informant-report MANS scores was moderate to large for both groups (unimpaired cognition r = 0.66, p ! 0.001; impaired cognition r = 0.42, p = 0.001). Table 4 provides age distribution and gender distribution by diagnostic group. The unimpaired cognition group is slightly younger than the impaired cognition group (p = 0.04), and the unimpaired cognition group has more women (65%) than the impaired cognition group (43%, p = 0.02). Further analysis of the relationship between age and MANS scores shows a small but significant positive correlation between age and self-report MANS (r = 0.14, p = 0.03) and a small correlation between age and informant-report MANS (r = 0.14, p = 0.04), suggesting that older participants have more symptoms. Further analysis of the relationship between gender and MANS reveals no difference between MANS self-report scores for women (M = 41.0, SD = 51.7, median = 16.5) and men (M = 51, SD = 56.3, median = 33.5) across the sample as a whole (z = -1.34, p = 0.18). However, across the sample as a whole, male participants (M = 71.8, SD = 70.2, median = 53) tend to be rated higher (i.e. more impaired) than female participants (M = 48.6, SD = 71.5, median = 8.5) by their informants (z = -2.67, p ! 0.01). Similarly, across the sample as a whole, male participants are more impaired than female participants on the DRS-2 (z = -2.107, p = 0.04) and there is a similar trend on the MMSE (z = -1.90, p = 0.06). Thus, it is possible that the men in this sample were statistically more impaired than the women in this sample, and the informant-report MANS differences reflect that. Table 4 provides more detailed information about the performances of each diagnostic group on the additional measures collected as part of the longitudinal project. As can be seen, the group with unimpaired cognition performed statistically better on all measures than the group with impaired cognition, as expected. Effect sizes and raw data are also provided where appropriate in order to provide information on clinical relevance in addition to statistical significance. As shown, the majority of the effect sizes were quite large, suggesting clinically meaningful difference as well as statistical difference. Table 5 outlines the correlational relationships between the self-report and informant-report MANS and the related construct measures outlined in the methods section. Scatterplots of these distributions suggested 1 likely outlier on the basis of an unusually high Ham-D score and 1 likely outlier on the basis of an unusually low DRS-2 score and those were removed from this analysis. As can be seen, all correlations between the self-report MANS and the related construct measures were significant in the expected strengths and directions. Most correlations are moderate to large with 0.54 between the Geriatric Depression Scale and the MANS and between the FAQ and the MANS, -0.57 between the DRS-2 total score and the MANS and 0.64 between the CDR and the MANS. The smallest correlation is 0.26 between the UPDRS and the MANS. Similarly, the correlations between the informant-report MANS and the related construct measures were significant in the expected strengths and directions. There are several quite large correlations, with -0.63 between the DRS-2 and the informant MANS, 0.80 between the CDR and the MANS and 0.87 between the FAQ and the MANS. Again, the smallest correlation is 0.26 between the UPDRS and the informant MANS.
Construct Validity
Discussion
The primary aim of this study was to provide initial psychometric and construct validation information for the MANS, new questionnaires pairing informant-and self-report for the assessment of cognitive, functional, behavioral and motor symptoms that may be related to various neurodegenerative etiologies. Extant tools attempt to quantify subjective observation, but several properties of the MANS render it unique. Like the CDR, the MANS pairs informant with self observations, but unlike the CDR, the MANS does not require administration by an examiner. The MANS can be completed within 10 min if there is impairment, and within a minute if not. The MANS generally correlates well with other commonly employed construct measures ( table 5 ) while providing greater breadth of symptom surveillance and a convenient self-administered format.
The results of this study provide initial evidence suggesting that the MANS is a psychometrically sound and construct valid measure to aid in the detection of symptoms related to neurodegenerative illness. The summary statistics show that the MANS has adequate variability to be meaningful. That is, participants' scores were varied along the entire spectrum of possible scores on the scales, providing clinically meaningful data. Individuals with normal cognition scored better on both self-report and informant-report MANS when compared with those with impaired cognition. Preliminary subgroup analysis showed that MCI patients scored better on both versions of the MANS when compared to patients with AD. Internal consistencies of the MANS self-report and informant versions are excellent.
Four factors were found embedded within our conceptually conceived 3 categories of change (cognitive, behavioral and movement). This supports the multi-dimensional nature of the MANS, and while the items showed great overlap between informant and self versions, the items did not always fall into the same factor, underscoring the importance of all 4 factors for comparison between informant and self. For example, of 6 motor questions (all of which might seem straightforward), 4 were in factor 3 for the informant, but all were in either factor 1 or factor 4 for the self version. Some items did not load significantly on any of the 4 factors. Upon review of those items, many involved symptoms that would be expected to have a relatively low base rate in both normal and impaired populations. Examples include, 'Has your loved one become less modest about displaying his/her body?' and 'Have you seen or heard things not experienced by others?'. These symptoms, when present, are usually highly clinically relevant and therefore are maintained on the MANS at this point. A necessary next step would be analysis of the structure of the MANS within various diagnostic groups with attention to these rare but relevant symptoms and their diagnostic utility without changing the accuracy of distinguishing other subtle signs of dementia through the other MANS items. We do not have the sample size to do this at this point.
There are several limitations of this study. First, we have not yet assessed longitudinal stability in those individuals who appear to be clinically stable on other measures, but future analysis is planned for our participants with multiple epochs of data. Second, we have not yet addressed test-retest reliability for the MANS or inter-rater reliability when different informants are compared. Third, the majority of impaired participants in this sample had CDR scores of 0.5 or 1. While our primary intent has been to develop a measure for early detection of neurodegenerative symptoms, more experience with later stages of impairment is still needed. Finally, this study consists primarily of patients with AD in comparison to participants with normal cognition. Future studies including more rarely occurring neurodegenerative disorders are planned to allow us to determine how well this measure captures symptoms present in a broader group of dementias.
In summary, this work provides preliminary validation information of the MANS, a measure of cognitive, personality, functional and motor symptoms occurring in patients developing dementia. The MANS holds promise as a tool that combines the strengths of many other measures in a brief and easy to administer form to help with both diagnosis of patients in the early stages of dementia as well as providing a more broad assessment of the common symptoms that require monitoring and treatment in the typical clinical setting. Additional validation information is required before the MANS can be used clinically, but these preliminary results support further work with the MANS in research settings with the goal of establishing that clinical utility.
Readers interested in obtaining a copy of the MANS should contact Drs. Locke or Caselli at the Mayo Clinic in Scottsdale, Ariz., USA. Contact details are on the first page of this report.
